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METHOD AND APPARATUS FOR THE AUTOMATIC SETTING OF INJECTORS 

[0001] This application claims priority of German Patent Application No. 10150786.0, 
filed October 15, 2001, the entire contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a method and an apparatus for the automatic 
setting of injectors, in particular a method and an apparatus for the automatic setting of 
fuel or diesel injectors in the course of the production of the injectors in a production line, 
each injector including a piezoelectric actuator, a straight- through valve, a lever element 
coupled to the straight-through valve and a setting element coupled to the piezoelectric 
actuator. 

Related Art 

[0003] The production of modern diesel injectors is currently normally carried out by 
way of a two-stage production process. In a first process, the individual components of 
the diesel injectors are assembled within the context of preassembly and, for example, 
screwed to one another. In a second process, the preassembled diesel injector is set so as 
to be serviceable, that is to say the injector is adjusted in such a way that firstly it has the 
longest possible lifetime and secondly it makes a contribution to achieving the lowest 
possible fuel consumption. Modern diesel injectors operate with a so-called piezoelectric 
actuator, which is coupled to a straight-through valve via a lever element, so that by 
applying a suitable electrical voltage to the piezoelectric actuator, the opening of closing 
of the straight-through valve can be controlled. In order to optimize the lifetime of the 
diesel injector and the injection behaviour of the diesel injector, the physical position of 
the piezoelectric actuator relative to the lever element must be set as accurately as 
possible. In particular in the case of diesel injectors which permit multiple injection, the 
distance between the piezoelectric actuator and the lever element via which the straight- 
through valve is triggered must be set very precisely. In this connection, multiple 
injection is understood to mean switching through the injector repeatedly within a very 
short time interval, by the straight-through valve being opened and closed several times 
one after another. 

[0004] For this reason, in modern diesel injectors the piezoelectric actuator can be 
displaced relative to the lever element by way of a setting element. In this way, 
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adjustment of the piezoelectric actuator relative to the lever element can be achieved 
accurately down to a few micrometers. This adjustment, with which the injection 
behaviour of the diesel injector is set, is generally carried out manually at manual 
workstations. 

SUMMARY OF THE INVENTION 
[0005] One embodiment of the present invention provides a method and an apparatus for 
the automatic setting of injectors. That is, an injector preassembled on a production line 
being set so as to be serviceable. 

[0006] The method according to the invention has the advantage that the injector setting 
may be carried out independently of an operator, so that the precision of the injector 
setting is increased. In particular in the case of the production of a large number of 
injectors, it is therefore possible to ensure that all the injectors are set largely identically. 
As a result of the use of a plurality of identically set injectors in a diesel engine having a 
plurality of cylinders, it is therefore possible for the overall engine behaviour to be 
improved. 

[0007] According to an exemplary embodiment of the present invention, an injector set 
by way of the method of the present invention may be classified as correctly set when all 
the registered values agree with predefined parameters. Alternatively, the setting of the 
injector can also be checked by way of an injector test procedure, in which the 
piezoelectric actuator has a predetermined voltage/time profile applied to it. In this case, 
the injector set by way of the method of the present invention may be classified as 
correctly set when it switches through at a specific predefined voltage level. If the 
switching through action takes place at a different voltage level, the injector may be 
classified as incorrectly set. Therefore, a setting of the injector which is correct, that is to 
say has been carried out within a predefined tolerance, can be registered reliably. 

[0008] According to another embodiment of the present invention, the setting procedure 
of the injector may be repeated if the injector has previously been classified as incorrectly 
set. This has the advantage that an initially incorrectly set injector does not have to be 
removed from the production process, but instead may be developed into a fully 
serviceable injector by way of a renewed correct setting. In this case, it may be practical 
to limit the number of setting procedures to be repeated. Depending on the size of the 
tolerance band for a correctly set injector, the maximum number of setting procedures to 
be carried out may, for example, lie between one and ten or even more. This ensures that, 
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for example as a result of faulty preassembly of the injector to be set, the method 
according to the present invention is not carried out infinitely often, which would lead to 
a fault in the overall production sequence. 

[0009] Additionally, according to the present invention, a correctly set injector may be 
removed from the measurement and setting station after the setting procedure. Thus, 
following the removal of the correctly set injector, a further injector preassembled on the 
production line can be provided in the correct position in the measurement and setting 
station by wat of the handling apparatus. 

[00010] This provides the possibility for a large number of preassembled injectors to be 
set correctly by way of setting procedures carried out one after another, and thus the 
productivity of the injector production can be increased significantly. 

[0001 1] According to yet another embodiment of the present invention, the piezoelectric 
actuator has a specific sequence of charging pulses applied to it before the adjustment of 
the setting element. In this way, the reliability of the setting procedure can be increased 
considerably, since the characteristic expansion behaviour of the piezoelectric actuator 
when a specific electrical voltage is applied depends on the signals previously applied to 
the actuator. As a result of applying defined charging pulses to the piezoelectric actuator, 
the actuator is brought into a precisely defined state before the actual setting procedure. 
The precision of the injector setting can thus additionally be increased, so that in 
particular the number of setting procedures to be carried out again is reduced if the 
injector has previously been classified as incorrectly set. 

[00012] As claimed in claim 6, before the adjustment of the setting element, the injector is 
coupled to a high-pressure reservoir assuming a limited volume. As a result of the choice 
of a relatively small limited volume of, for example, 5 to 20 cm 3 , when the injector is 
switched through, a relatively large, significant pressure change is effected, which can be 
registered reliably by a manometer belonging to the pressure generating device. 

[00013] According to a further preferred embodiment of the invention as claimed in claim 
8, during the adjustment of the setting element, the course of the torque applied to the 
setting element, the course of the angular position of the setting element, the course of the 
voltage applied to the actuator and/or the course of the pressure applied to the injector are 
registered. Registering the entire chronological course of the respective parameters has 
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the advantage that, as compared with registering the parameters at a single time, more 
accurate assessment with regard to the correct setting of the injector can be performed. 

[00014] The injector can additionally be fixed by way of a gripping apparatus, so that the 
risk of rotation of the injector during the adjustment of the setting element is reduced. 

[00015] The apparatus according to an embodiment of the present invention may be 
achieved by an apparatus for the automatic setting of injectors having the features of 
claim 10. 

[00016] Further scope of applicability of the present invention will become apparent from 
the detailed description given hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those skilled in the art 
from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0001 7] The present invention will become more fully understood from the detailed 
description given hereinbelow and the accompanying drawings which are given by way 
of illustration only, and thus are not limitative of the present invention, and wherein: 

[0001 8] Figure 1 illustrates a setting apparatus for the automatic setting of diesel injectors 
according to an exemplary embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00019] In the following text, the construction of a setting apparatus 100 for the automatic 
setting of diesel injectors will be explained using the Figure 1. Then, the function of the 
setting apparatus 100 and the method for the automatic setting of diesel injectors by way 
of the setting apparatus 100 will be explained. 

[00020] As illustrated in Figure 1, the setting apparatus 100 has a first handling apparatus 
102, which includes a first holder 103 and a second holder 104. The two holders 103, 104 
are used to hold a preassembled diesel injector 101 which is subsequently to be set. The 
two holders 103, 104 are fixed to a rotary table 102a, which can be rotated by means of a 
drive 105. In this way, the diesel injector 101 can be brought, by way of a 180° rotation of 
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the first rotary table 102a, to a position in which the diesel injector 101 can be transferred 
to a second handling apparatus 106. 

[00021] The second handling apparatus 106 has a second rotary table 106a, on which a 
first injector holder 107 and a second injector holder 108 are formed. The second 
handling apparatus 106 also has a rotational unit 109, by way of which the second rotary 
table 106a can be rotated. During a 180° rotation of the second rotary table 106a, a diesel 
injector previously transferred to the second handling apparatus 106 is thus provided in 
the correct position in the measurement and setting station. 

[00022] The setting apparatus 100 further has a holding apparatus 1 14, a high-pressure 
connection 1 10, an electrical connecting device 111 and a screwing device 112. By way 
of the holding apparatus 1 14, a diesel injector 101 provided in the correct position can be 
fixed in its position, and thus unintentional movement of the diesel injector 101 can be 
prevented. The high-pressure connection 1 10 is used to couple the diesel injector 101 
provided in the correct position to a pressure generating device, not illustrated. The 
electrical connecting device 1 1 1 is used for the electrical connection of the piezoelectric 
actuator of the diesel injector 101 provided in the correct position to a signal generating 
device, not illustrated. In this case, electrical contact is made via contact tongues which 
are formed in a plug housing of the diesel injector 101. The high-pressure connection 110 
and the electrical connecting device 111 are mounted such that they can be displaced 
along their longitudinal direction and can be moved along this longitudinal direction by 
way of a pneumatic drive, not illustrated. 

[00023] The holding apparatus 114 which fixes the diesel injector 101 provided in the 
correct position in its position, is coupled to a drive 1 15, by way of which the holding 
apparatus 114 which, according to the exemplary embodiment illustrated here, has a fork 
wrench that can be displaced in the direction of the diesel injector 101 provided in the 
correct position. 

[00024] The screwing device 1 12 is coupled to a torque measuring apparatus 113 which, 
according to the exemplary embodiment illustrated here, is a torque measuring disk. The 
screwing device 112 and the torque measuring apparatus 113 can be moved jointly in the 
vertical direction by way of a vertical drive 120. The screwing device 112 can therefore 
be brought from above up to a diesel injector 101 provided in the correct position. The 
actual adjustment of the setting element of the diesel injector 101 provided in the correct 
position is carried out by the torque measuring apparatus 113 and, with the torque 
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measuring apparatus 1 13 the screwing device 1 12 as well, being rotated about an axis 
which runs parallel to the longitudinal direction of the diesel injector 101 provided in the 
correct position. Here, the rotation of the screwing device 1 12 is carried out via a drive 
119, which is coupled via a gear box 118 and a rack 1 17 to a gear 116, which is in turn 
connected to the torque measuring apparatus 113. 

[00025] The setting apparatus 100 further has a series of plates and structures which are 
required to hold the entire setting apparatus 100 together, for its static characteristics and 
for its mechanical stability. These include, for example, a base plate 130, a base plate 
structure 131 and a structure 132 for the first handling apparatus 105. 

[00026] In the following text, the method for the automatic setting of diesel injectors 101 
will be explained in more detail according to an exemplary embodiment of the invention 
and using the setting apparatus 100 illustrated in Figure 1 to aid in the explanation. 
However, it should be understood the apparatus illustrated in Figure 1 is being used by 
way of example only to explain the method according to the embodiments of the present 
invention. 

[00027] A diesel injector 101 preassembled on a production line and previously screwed 
together is, for example, transferred to the first handling apparatus 102 by a conveyor 
belt. By way of a 180° rotation of the first handling apparatus 102, the diesel injector 101 
is brought to a position in which it can be picked up by the second handling apparatus 
106. Following a further 180° rotation by way of the second handling apparatus 106, the 
diesel injector 101 is provided in the correct position in the measurement and setting 
station. The diesel injector 101 provided in the correct position is then fixed by the 
holding apparatus 114 being moved up laterally to the diesel injector 101 and blocked. 
The holding apparatus 114, according to the exemplary embodiment of the invention 
illustrated here, has a fork wrench, not illustrated, by way of which the diesel injector 101 
provided in the correct position is fixed in a lower subsection. The diesel injector 101 is 
further fixed by way of a gripping apparatus, not illustrated in the figure, which likewise 
has the form of a fork wrench and acts on an upper subsection of the diesel injector 101 
provided in the correct position. 

[00028] Both by way of the holding apparatus 114 and by way of the gripping apparatus, 
not illustrated, the torque occurring during an adjustment of the setting element of the 
diesel injector 101 provided in the correct position can be compensated for. Following the 
fixing of the diesel injector 101 provided in the correct position, both the high-pressure 
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connection 110 and the electrical connecting device 1 1 1 are brought up to the diesel 
injector 101. Via the high-pressure connection 1 10, the diesel injector 101 is coupled to a 
pressure generating device, not illustrated, and therefore a pressure of about 40 bar is 
applied to the high-pressure connection of the diesel injector. By way of the electrical 
connecting device 101, the piezoelectric actuator of the diesel injector 101 is connected to 
an electrical connecting device 111. Electrical contact is made in this case via contact 
tongues which are formed in a plug housing of the diesel injector 101. 

[00029] In order to bring the piezoelectric actuator of the diesel injector 101 into a defined 
initial state, the piezoelectric actuator has charging pulses, for example at a frequency of 
50 Hz, applied to it for a specific time interval, during each of which pulses a specific 
predefined amount of charge is transferred to the piezoelectric actuator. After a specific 
waiting time has elapsed, of for example 2 to 4 seconds, the piezoelectric actuator then 
changes into a relatively accurately defined initial state. 

[00030] Then, the screwing device 1 12, which has a fork wrench positioned centrally over 
the diesel injector 101 provided in the correct position, is moved downward 
pneumatically by way of the vertical drive 120. In the process, the fork wrench searches 
for the wrench faces on the setting element, which is a hollow screw or a nut and 
surrounds the diesel injector 101. 

[00031] According to the exemplary embodiment of the invention illustrated in Figure 1, 
the wrench faces of the setting element have a size of 20 mm across flats. Then, the 
screwing device 1 12 is driven via a toothed drive, which includes the drive 119, the gear 
box 1 18, the rack 117 and the gear 1 16. In order to avoid damage to the gear drive, an 
overload clutch, not illustrated in the figure, is provided downstream of the drive 119. 

[00032] During the screwing operation, during the entire screwing movement, the torque 
acting on the setting element, the voltage applied to the piezoelectric actuator and the 
instantaneous angular position of the screwing device are registered. The torque acting on 
the setting element is registered by the torque measuring apparatus 113. The voltage 
applied to the piezoelectric actuator is registered by the electrical signal generating 
device, not illustrated, which is connected to the piezoelectric actuator via the electrical 
connecting device 111. The setting element of the diesel injector 101 to be set is adjusted 
until the diesel injector 101 switches through at a specific setting of the setting element. 
At this time, the pressure applied to the diesel injector via the high-pressure connection 
110 drops. The resulting pressure drop is registered and, together with the values for the 
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torque applied to the setting element, for the voltage applied to the piezoelectric actuator 
and for the angular position of the setting element, is compared with predefined 
parameters. If, then, all of the registered values agree with the predefined parameters, the 
diesel injector 101 is then classified as correctly set. If not all of the registered values 
agree with the predefined parameters, then the diesel injector 101 is classified as 
incorrectly set. 

[00033] If the diesel injector 101 is classified as incorrectly set, then the setting element 
of the diesel injector 101 is rotated back into an initial position, and the setting procedure 
previously described is carried out again. Alternatively, the set diesel injector 101 can 
also be subjected to an injector test procedure, with which the setting of the diesel injector 
101 is checked more accurately. 

[00034] According to an exemplary embodiment of the invention, in the injector test 
procedure, the piezoelectric actuator has a voltage profile applied to it that increases over 
time in the form of a ramp, and the voltage level at which the set diesel injector 101 
switches through is registered. Depending on the height of the voltage level at which the 
set diesel injector 101 switches through, the injector is classified as correct or incorrect. 

[00035] If, following automatic setting of the diesel injector 101 and possibly after an 
injector test procedure, the diesel injector 101 is classified as correctly set, then the high- 
pressure connection 110, the electrical connecting device 111, the screwing device 112, 
the holding apparatus 114 and the gripping apparatus, not illustrated, are then moved back 
into their initial positions. The set diesel injector 101 is then removed from the 
measurement and setting station by way of the second handling apparatus 106 and the 
first handling apparatus 102 and, at the same time, a new diesel injector 101 to be set is 
fed in. 

[00036] In the case of an incorrectly set injector 101, the setting procedure described 
above is carried out again. 

[00037] It is pointed out that, in particular in order to avoid disruptive vibrations, all 
movements within the setting apparatus 100 are preferably driven pneumatically. 

[00038] In summary, the present invention provides a setting apparatus 100 and a method 
for automatic setting of injectors 101 having a piezoelectric actuator, a straight- through 
valve, a lever element coupled to the straight-through valve and a setting element coupled 
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to the actuator. The setting is carried out via accurate adjustment of the physical distance 
between the actuator and the lever element. In the process, an injector 101 to be set is 
firstly provided in the correct position in a measurement and setting station and, via a 
high-pressure connection 1 10, is connected to a pressure generating device and, via an 
electrical connecting device 1 1 1 , is connected to an electrical signal generating device. 
The setting element of the diesel injector 101 is then rotated in such a way that the 
injector 101 switches through at a specific setting of the setting element. In this case, the 
current values for the torque applied to the setting element, for the angular position of the 
setting element, for the excitation voltage applied to the actuator and for the pressure drop 
caused by the switching-through action are registered and compared with predefined 
parameters. If all the measured values agree with the predefined parameters, then the 
diesel injector 101 has been set correctly. 

[00039] The invention being thus described, it will be obvious that the same may be 
varied in many ways. Such variations are not to be regarded as a departure from the spirit 
and scope of the invention, and all such modifications as would be obvious to one skilled 
in the art are intended to be included within the scope of the following claims. 
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